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Direct Synthesis of Pyrroles by Dehydrogenative Coupling of
f-Aminoalcohols with Secondary Alcohols Catalyzed by Ruthenium

Pincer Complexes™*

Dipankar Srimani, Yehoshoa Ben-David, and David Milstein*

The search for new atom-economical and green synthetic
methods for the synthesis of functionalized pyrrole deriva-
tives has attracted much attention owing to their potential
medicinal value."! Pyrroles are important owing to their
antitumor,”® anti-inflammatory,” antibacterial,*¥! antioxi-
dant,® and antifungal properties.?"¢! Furthermore, they have
applications in conducting polymers,**<! molecular optics,***!
electronics,® and as gas sensors for organic compounds.® ¢
Although the classical methods for the synthesis of pyrroles,
for example, Hantzsch,™ Knorr,F! and Paal-Knorr'™® reactions
are effective, they suffer from several drawbacks, such as
availability of the starting materials, multisteps synthetic
operations, functional group compatibility, regiospecificity,
and harsh reaction conditions. To overcome these limitations,
new strategies, such as multicomponent coupling!” and metal-
catalyzed® <™ reactions, have recently been developed.
Recently, interesting dehydrogenative coupling of 1,4-diols
and amines to form pyrroles was developed,®™ and very
recently an attractive synthesis of aryl-substituted pyrroles
catalyzed by an in situ generated catalyst from [Ru;(CO);,]
(1 mol%) and xantphos (3 mol%), using arylketones, 1,2-
diols, amines, and K,CO; was reported.[*]

There is an urgent need to develop sustainable, one-step,
atom-economical efficient methodologies for the preparation
of valuable synthetic building blocks. In this regard, our group
has demonstrated several environmentally benign reactions
with concomitant liberation of H,, catalyzed by pincer
complexes of ruthenium based on pyridine!” and acridine!""!
backbones. These reactions include the synthesis of esters by
dehydrogenative coupling of alcohols,”®#! coupling of alcohols
with amines to generate imines'! and amides®*! with
liberation of hydrogen, amidation of esters,”® and acylation
of alcohols using esters.”* ) Recently we synthesized peptides
and pyrazines from P-amino alcohols by the extrusion of
molecular hydrogen.™ A B-amino alcohol can also undergo
dehydrogenative coupling with benzylamine to form an amide
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Scheme 1. a) PNN- and PNP-type ruthenium pincer complexes. b) Pep-
tide and pyrazine formation from B-amino alcohols catalyzed by Ru"
pincer complexes.

(Scheme 1b). Here we present an efficient, atom-economical,
one-step synthesis of pyrroles based on dehydrogenative
coupling of B-aminoalcohols with secondary alcohols, cata-
lyzed by well-defined pincer ruthenium catalysts. The reac-
tion is quite general, and not limited to aryl pyrroles.

The Knorr pyrrole synthesis consists of the condensation
of an a-amino ketone or o-amino ketoester with a ketone or
ketoester. As we have previously described the acceptorless
dehydrogenation of alcohols by ruthenium pincer complex-
es,’ we envisioned, that a-amino aldehydes and ketones can
be formed in situ from the f-amino alcohols and secondary
alcohols by our Ru pincer complex, and the resulting products
can be further coupled in the presence of base to form
substituted pyrroles. Indeed, we demonstrate here the reac-
tion of 3-amino alcohols with secondary alcohols (equivalent
amounts) catalyzed by a Ru pincer complex, in the presence
of base, thereby leading to formation of pyrroles through
selective and consecutive C—C and C—N bond formations
(Scheme 2). Very recently, such an attractive reaction effi-
ciently catalyzed by an iridium complex (0.5-0.03 mol %)
using [-amino alcohols (1 equiv), secondary alcohols
(2 equiv), and base (1.1 equiv) was reported.!'

Initially, the reaction of 2-amino-1-butanol with 1-phenyl-
ethanol was chosen as a model system for dehydrogenative
cross-coupling to form a 2,5-disubstituted pyrrole. Disap-
pointingly, conducting this reaction in the presence of catalyst
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Scheme 2. Plausible mechanism of pyrrole formation through dehydro-
genation and selective C—C and C—N bond formation.

1 (0.5 mol %) and K,CO; (1 equiv relative to the substrate) in
dioxane heated to reflux resulted in only traces (6 %) of the
desired coupling product, in addition to 48 % of acetophe-
none, which was obtained by the dehydrogenation of 1-
phenylethanol (Table 1, entry 1). However, using a stronger

Table 1: Optimization of reaction conditions for pyrrole synthesis "
OH  HO

\): . \( Complex 2 (0.5 mol%) 7\ + 2H,+2 H0
NH, Ph Solvent, Base N Ph
reflux, 24 h
Entry  Base Amount of base [equiv]  Solvent Yield [%]"!
1 K,CO, 1 dioxane 6l
2 KOH 1 dioxane 72
3 KOtBu 1 dioxane 78
4 KOtBu 0.07 dioxane 28
5 KOtBu 0.5 dioxane 82
6 KOtBu 0.5 THF 77
7 KOtBu 0.5 benzene 71
8 KOtBu 0.5 toluene 83
9 KOtBu 0.5 toluene 80!
10 KOtBu 0.5 toluene 82!l

[a] Reaction conditions: 2-amino-1-butanol (2 mmol), 1-phenylethanol
(2 mmol) and catalyst (0.5 mol %) were heated at reflux under argon.
[b] Yields of the products were determined by gas chromatographic (GC)
analysis of the crude reaction mixture by using m-xylene as an internal
standard. [c] Complex 1 was used. [d] Complex 3 was used. [e] Complex 4
was used.

base to improve the C-C coupling step resulted in the desired
pyrrole in good yield. Actually, the dearomatized complex
1 can be formed in situ by deprotonation of the air-stable
complex 2 under the basic reaction conditions.!!

Thus, heating 2-amino-1-butanol and 1-phenylethanol to
reflux in the presence of complex 2 (0.5 mol %) and KOH
(1 equiv) in dioxane for 24 h resulted in 72% of 2-ethyl-5-
phenylpyrrole (Table 1, entry 2) together with 19% aceto-
phenone. A slightly higher yield (78 %) was obtained when
using the stronger base KOrBu in dioxane (Table 1, entry 3).
When using a catalytic amount of KOsBu (0.07 equiv), the
yield of the desired pyrrole was only 28 % (Table 1, entry 4),
40% 1-phenyl ethanol remained unreacted, and 24 % aceto-
phenone was formed by dehydrogenation of 1-phenylethanol.
However, 0.5 equivalents of KOrBu are sufficient and result
in an even slightly better yield (82 %) than one equivalent of
base (Table 1, entry 5). The solvent effect on the reaction was
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relatively minor. Thus, the yield of the desired pyrrole in
toluene (88%) was slightly higher than in dioxane (82%),
THF (77 %), or benzene (71 %), the difference likely result-
ing from the difference in reflux temperatures (Table 1,
entries 6-8). The reaction in the presence of catalysts 3 or 4
also led to good yields (80 % and 82 %, respectively) of the
desired pyrrole (Table 1, entry 9,10).

With the optimized reaction conditions in hand, we set out
to test the reactivity of other (-amino alcohols with 1-
phenylethanol. A toluene solution containing 2-aminopro-
pan-1-ol (2mmol), 1-phenylethanol (2 mmol), KOrBu
(1 mmol), and catalyst 2 (0.01 mmol) was heated to reflux
for 24 h and then cooled to room temperature. Then the
reaction mixture was quenched with water and extracted
three times with diethylether. After purification of the crude
mixture by column chromatography 71 % yield of 2-methyl-5-
phenylpyrrole was obtained (Table 2 entry 2). To explore the
synthetic utility of this reaction, various (}-amino alcohols
were studied. A toluene solution containing 2-amino-3-
methylpentan-1-ol (2 mmol), 1-phenylethanol, and catalyst 2
(0.01 mmol) was heated to reflux for 24 h, resulting in
isolation of 2-(sec-butyl)-5-phenylpyrrole in good yield
(67 %) after purification (Table 2 entry 3). Under the same
conditions, coupling of the aminoalcohols 2-amino-3-methyl-
butan-1-ol, 2-amino-3-phenylpropan-1-ol, 2-amino-4-methyl-
pentan-1-ol, and 2-amino-2-phenylethanol with 1-phenyl
ethanol resulted in isolation of the corresponding desired
pyrroles 2-isopropyl-5-phenylpyrrole (83 % ), 2-benzyl-5-phe-
nylpyrrole (85%), 2-isobutyl-5-phenylpyrrole (78%), and
2,5-diphenylpyrrole (62%) in good vyields (Table 2,
entries 4-7).

Next, the scope with regard to the secondary alcohol was
studied. In case of 2-octanol, formation of two regioisomers is
possible. Deprotonations at the less hindered side gave 2-
benzyl-5-hexylpyrrole as the major product in 82 % yield, (a
very small amount of the other pyrrole isomer was also
observed by 'HNMR spectroscopy). Although selective
primary C-alkylation was observed here, C-alkylation can
also take place at a secondary aliphatic carbon atom, thereby
resulting in the conversion of cyclic secondary alcohols to
bicyclic pyrroles. Thus, coupling of cycloheptanol, cyclohex-
anol, and cyclopentanol with 1-phenyl ethanol resulted in the
desired bicyclic pyrrole in moderate yields (Table 2, entries 9
11). Finally the coupling between 2-amino-1-butanol and 1-
phenylethanol was repeated on a 10 mmol scale without
affecting the yield, thus indicating that the reaction can be
scaled up without difficulty.

To gain mechanistic insight, a toluene solution containing
equimolar amounts of 1-phenylethanol and 2-amino-1-buta-
nol was heated to reflux for 1 h in the presence of catalyst
1 (0.5mol%), in the absence of BuOK, resulting in
formation of acetophenone (95%) and unreacted 2-amino-
butanol, as analyzed by GC-MS. In addition, 2-[(1-phenyl-
ethylidene)amino]butan-1-ol (Scheme 2, A, R' = Et, R* = Ph)
was prepared by the condensation of acetophenone and 2-
aminobutanol™ and heated to reflux in toluene in the
presence of 2 (0.5 mol % ) and rBuOK resulting in the product
2-ethyl-5-phenylpyrrole, whereas using only fBuOK failed to
produce the same under reflux in toluene. Thus, we suggest
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Table 2: Pyrrole synthesis using various amino alcohols and secondary
alcohols catalyzed by the Ru pincer complex 2.7

OH HO Cat. 2 /R
J: * R2 Toluene, reflux, 24 h RV(D\RZ
R"NH; KOtBu H
-2 Hp, -2 H,0
Entry  Alcohol Aminoalcohol Product Yield [%][!
7
/
Ph™ "Me H.N  OH Ph/Q\/ 75
H
)O\H
2 PhTme H,N  OH pth—\)\ 7
H
3 OH
Ph)\Me Ph/éD\(\ 67
H,N  OH H
A S,
4 o e Ph/Q\( 83
H,N  OH N
Ph
OH
5 PY <, ph[LPh 85
Ph” ~Me ”
H,N  OH
z L3
6 78
Ph” Me HN  OH Ph N
OH Ph
/\ 62
7
Ph Mo H.N  OH Ph/(ukph
Ph
& —\ Ph% 82
NN NN N
H,N  OH H
Ph
o O D
50
9 O/ HN  OH N Ph
OH Ph
% m 59
10 HoN OH u Ph
Ph
g—\ D
11 QOH HoN OH |” Ph 55

[a] Reaction conditions: [3-aminoalcohols (2 mmol), secondary alcohols
(2 mmol), KOtBu (1 mmol), catalyst (0.5 mol %) were heated in 2 mL
toluene at reflux. [b] Yields of the isolated products.

that O-H activation of the secondary alcohol by complex
1 (insitu generated by deprotonation of 2), resulting in
aromatization of the pincer complex, occurs first. Then H,
liberation leads to formation of the corresponding ketone. A
sequence involving nucleophilic attack by the amine group of
the -amino alcohol molecule on the ketone to produce an
imine intermediate, subsequent dehydrogenation of the
alcohol part, and condensation under basic conditions even-
tually lead to the desired pyrrole product.
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In summary, a general method for pyrrole synthesis was
achieved by selective and successive C—N and C—C bond
formations catalyzed by 0.5 mol % of the dearomatized PNN
ruthenium complex 1, which can be formed in situ by using
the air-stable complex 2 and a base. We believe that this
environmentally friendly, atom-economical, and efficient
dehydrogenative condensation protocol is attractive for the
preparation of a diverse range of pyrroles, using readily
available starting materials under mild conditions.

Experimental Section

Complex 2 (0.01 mmol), amino alcohol (2 mmol), secondary alcohol
(2 mmol), KOrBu (1 mmol), and toluene (2mL) were added to
a Schlenk flask in an atmosphere of nitrogen in a Vacuum Atmos-
pheres glovebox. The flask was equipped with a condenser, and the
solution was refluxed with stirring in an open system under argon at
135°C (oil bath temperature). The reaction products were analyzed
by GC-MS. After cooling to room temperature, the reaction mixture
was quenched with water and extracted three times with diethylether.
Pure pyrroles were obtained either by Kugelrohr distillation or by
column chromatography. Characterization data is available in the
Supporting Information.
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